The effect of subclinical paratuberculosis (or Johne's disease) risk status on performance, health, and fertility was studied in 58,096 UK Holstein-Friesian cows with 156,837 lactations across lactations 1 to 3. Low-, medium-, and high-risk group categories were allocated to cows determined by a minimum of 4 ELISA milk tests taken at any time during their lactating life. Lactation curves of daily milk, protein, and fat yields and protein and fat percentage, together with log e -transformed somatic cell count, were estimated using a random regression model to quantify differences between risk groups. The effect of subclinical paratuberculosis risk groups on fertility, lactation-average somatic cell count, and mastitis were analyzed using linear regression fitting risk group as a fixed effect. Milk yield losses associated with high-risk cows compared with low-risk cows in lactations 1, 2, and 3 for mean daily yield were 0.34, 1.05, and 1.61 kg; likewise, accumulated 305-d yields were 103, 316, and 485 kg, respectively. The total loss was 904 kg over the first 3 lactations. Protein and fat yield losses associated with high-risk cows were significant, but primarily a feature of decreasing milk yield. Similar trends were observed for both test-day and lactation-average somatic cell count measures with higher somatic cell counts from medium-and high-risk cows compared with low-risk cows, and differences were in almost all cases significant. Likewise, mastitis incidence was significantly higher in high-risk cows compared with low-risk cows in lactations 2 and 3. Whereas the few significant differences between risk groups among fertility traits were inconsistent with no clear trend. These results are expected to be conservative, as some animals that were considered negative may become positive after the timeframe of this study, particularly if the animal was tested when relatively young. However, the magnitude of milk yield losses together with higher somatic cell counts and an increase in mastitis incidence should motivate farmers to implement the appropriate control measures to reduce the spread of the disease.
INTRODUCTION
Paratuberculosis (or Johne's disease), caused by Mycobacterium avium ssp. paratuberculosis (MAP), is a fatal chronic enteritis to which ruminants are particularly susceptible and is responsible for significant efficiency losses in livestock (Raizman et al., 2009 ) and compromises animal welfare (CHAWG, 2012) . Its unproven association with type 1 diabetes (Rani et al., 2010; Naser et al., 2013) and, in particular, Crohn's (Sartor, 2005; Uzoigwe et al., 2007) , an incurable disease in humans, could potentially risk the reputation of the agri-food sector (Sartor, 2005; Groenendaal and Zagmutt, 2008) . Additionally, MAP can persist in the environment for many months (Whittington et al., 2004) and in a small proportion of cases the organism has been found to survive anaerobic digestion (Slana et al., 2011) , water treatment (Aboagye and Rowe, 2011) , and pasteurization of milk (Grant et al., 2002) , with it being found in retailed milk (C. E. D. Rees, Nottingham University, Nottingham, UK; personal communication) including powdered infant formula (Botsaris et al., 2016) . In different regions around the world, increased incidence of Crohn's disease has recently been reported (Molodecky et al., 2012) , and although insufficient evidence of a causal link between MAP and Crohn's disease exists, the UK Food Standards Agency has appealed for strategies to further minimize human exposure to MAP (Rubery, 2001) .
Paratuberculosis is reported worldwide among cattle populations and is commonly found where significant dairy industry exists. It is considered endemic in Europe and North America, with herd prevalence estimates expected to be higher than 50% (Nielsen and Toft, 2009; Lombard et al., 2013) . Paratuberculosis is considered endemic in the United Kingdom (Carslake et al., 2011) and is highly prevalent affecting about three-quarters of dairy cattle herds (Woodbine et al., 2009) , which results in significant efficiency losses to the farm business and the dairy industry as a whole, particularly due to reduced milk production as well as reduced slaughter value and premature culling (Raizman et al., 2009; Richardson and More, 2009) . Furthermore, the clinical cases are sometimes referred merely as the tip of the iceberg, as it is estimated that at least 25 other animals may be infected with each clinical case born on the farm (Whitlock and Buergelt, 1996) . The main source of MAP infection is the fecal-oral route, as it is mostly excreted in feces (although it can also be shed in colostrum, milk, and semen) and can be transmitted through contaminated teats, bedding, pasture, soil, or water. Spread of MAP mostly occurs from infected adults to newborns, who are most susceptible to infection (Windsor and Whittington, 2010) . However, due to a long incubation period, the disease is largely subclinical in domesticated livestock, with clinical disease manifesting not until 2 or more years after infection, with it taking place earliest via vertical transmission (i.e., transplacental) where dams were advanced in the disease (Windsor and Whittington, 2010) . Nevertheless, economic losses are also expected before clinical signs taking place (Benedictus et al., 1987; ).
At present, no cure exists for MAP; therefore, control strategies are based upon timely detection through testing and culling of infected animals together with good hygiene practices to reduce transmission. In some countries, voluntary Johne's control programs have been established (Benedictus et al., 2000; Nielsen, 2007; Bartlett and Pearse, 2012) ; however, due to the latency and slow progression of the infection together with the lack of accurate diagnostic tests, diagnosis of MAP infection can prove challenging, being particularly difficult to identify infected cattle in the early stages. Thus, herd prevalence is expected to be underestimated, particularly when animals are tested or culled at a relatively young age; consequently, clinical cases may not be seen within the lifespan of the animal. Several diagnostic tests exist, but they differ in their sensitivity, specificity, cost, and practicality. Repeated testing over time is valuable for the detection of paratuberculosis due to the progression of the disease in infected animals, and testing tends to be more effective in the later stages of disease.
Since the introduction of various diagnostic tests for MAP, many studies have reported efficiency losses associated with the disease. However, the magnitude of losses reported in the literature are wide ranging and sometimes conflicting. For instance, milk production losses range from 2 (Tiwari et al., 2007) to 18% (Spangler et al., 1992) , which results in large variation in estimates of the costs of the disease. Previous studies on UK cattle diseases have indicated paratuberculosis to be of less importance in terms of costs when compared with other major endemic diseases (Bennett and Ijpelaar, 2005; Stott et al., 2005) .
Until recently, reliable national disease data in the UK have been scarce (Bennett and Ijpelaar, 2005) , and studies on the effect of paratuberculosis that require prevalence estimates or the magnitude of efficiency losses have been confined to small geographical regions (Woodbine et al., 2009; Beasley et al., 2011) or based their assumptions on estimates from other countries. To a certain degree, losses associated with paratuberculosis are related to the production system; therefore, results obtained in one country may not necessarily be applied to another. However, with the recent introduction of a voluntary control program for paratuberculosis in the UK, the volume of data has increased year by year and is now sufficient for analysis. It is probable that these tests would be used to identify animals with subclinical paratuberculosis rather than clinically affected animals that would be displaying signs of the disease. The objective of the current study was to estimate the effect of a subclinical paratuberculosis risk group based upon milk ELISA measurements in terms of efficiency losses related to production, fertility, and udder health.
MATERIALS AND METHODS
Testing milk samples for paratuberculosis (Johne's disease) is a service available to farmers in the United Kingdom through National Milk Records (NMR) via the commercial milk ELISA Idexx Pourquier Mycobacterium paratuberculosis Screening Antibody Test (Idexx Laboratories Inc., Westbrook, ME; Bartlett and Pearse, 2012) . Herds enrolled in the paratuberculosis-control program have their milking cows tested quarterly during routine herd recording. Test results of milk ELISA from a 5-yr period, 2007 to 2012, were obtained from NMR for 2,197 UK herds. Routinely recorded production and SCC, fertility, and health records were also obtained from NMR.
Most infected cows produce antibodies, and it is reported that repeated ELISA testing before 350 DIM is the best method to capture infected animals (Nielsen and Ersbøll, 2006) . The use of single tests per animal can lead to higher false-negative results, which could misclassify an infected animal, as an animal may change infection status during a period of testing. Therefore, cows were classified into low-(LR), medium-(MR), and high-risk (HR) groups based upon combined test results from a minimum of 4 samples, as defined in Table 1 and derived upon simplified categories of Nielsen (2007) . The risk groupings are in line with the color classification used to guide farmers for diseasemanagement purposes, where green, amber, and red represent low, medium, and high risk. The ELISA tests were categorized as positive if the sample-to-positive control ratio was 0.3 or higher. Risk categories were assigned based upon all tests after the last test of an animal. Once an animal was allocated to a high-risk group it stayed in that category. Similar to the methodology of Marcé et al. (2009) , the lactation of the last test at which animals were allocated to risk groups had no bearing and animals were considered to be either LR, MR, or HR from their first lactation onwards. Thus, even if an animal had no positive tests in its first lactation it could be allocated as HR in its first lactation due to positive tests in a later lactation. This approach was adopted because most infections begin at or shortly after birth (Windsor and Whittington, 2010) , and potential effects on production, udder health, and fertility could take place before detection of subclinical paratuberculosis by means of a test.
Data Editing
Test day (TD) milk yield (MY; kg), protein yield (PY; kg), protein yield percentage (PY%), fat yield (FY; kg), fat yield percentage (FY%), and SCC data were obtained for all available TD during lactations 1 to 3 on Holstein Friesian cows that had milk ELISA tests performed anytime during their life (including lactation 4+). Thus, lactations were analyzed that did not necessarily have milk ELISA tests in the same lactation. The following edits were used for the final analysis: (1) all tests of an animal took place in 1 herd only, and herds included had at least 2 positive tests; (2) calving ages for lactations 1, 2, and 3 were 18 to 42, 30 to 56, and 42 to 70 mo; (3) at test cows were 4 to 305 DIM; (4) weight of milk at test was between 5 and 60 kg and ≤3 standard deviations from the mean milk yield within DIM and lactation number; and (5) Table  2 . Overall, 13.7% of animals were allocated as MR or HR in the data set. Three further subsets were created on first-lactation data based upon the lactation number (1-3) in which risk group was determined. For instance, T1, T2, and T3 subsets contained animals that had their risk category determined in lactation 1, 2, and 3 (i.e., T1 = animals that had their last milk ELISA tests in lactation 1 had risk group determined in lactation 1). This was done to explore the differences in production levels between animals of the same risk group, but determined at a different stage of life.
In addition to TD data, the effect of the subclinical paratuberculosis risk group on fertility and udder health was studied by analysis of the following traits where validated data were available: log e -transformed lactation somatic cell count (LSCC), the binary trait clinical mastitis (MAS; 0 = not affected, 1 = affected with clinical mastitis at least once within 0 and 305 DIM), calving interval (CaI), the binary trait nonreturn rate at 56 d (NR56; 1 = failure, 2 = success), days to first service (DFS), and number of inseminations (NINS). The LSCC was restricted to lactations with at least 6 tests, and from these the mean was taken and log-transformed. The recording of MAS was undertaken by farmers on a voluntary basis as part of routine milk recording and the data were made available by NMR. The definition of MAS is explained in detail in Pritchard et al., (2013) . For editing of fertility traits, CaI was restricted between 300 and 600 d, DFS was not less than 20 d and not greater than 200 DIM, and 10 or more inseminations until conception were grouped as 10 for NINS. Further editing required at least 3 animals in the herd-year-season contemporary group for each trait measurement. Descriptive statistics of udder health and fertility traits are shown in Table 3 .
Data Analysis
All phenotypic analyses of production, health, and fertility traits were analyzed in ASReml (Gilmour et al., 2006) . For all TD models [MY, PY, FY, PY%, FY%, and log e -transformed SCC (TSCC)] the mean trajectory of the population was modeled for the LR, MR, and HR group categories using a random regression model with orthogonal Legendre polynomials of order 4 for DIM. In the matrix form, the model is given by equation 1:
where y is the vector of observations (MY, PY, FY, PY%, FY%, TSCC); b is the vector of fixed effects consisting of age at calving (in months), year of calving, breed effects heterosis and recombination (as covariates due to the varying combination of Holstein and Friesian genes), Legendre polynomial of order 4 for DIM (fitted as a covariate 4 to 305 d) within risk group (LR, MR, HR); u is the vector of random coefficients for the contemporary group herd-test-day (effect specific to all cows on the same TD within a herd) and the permanent environment effect of the animal (as there are several records per animal); X and Z are the incidence matrices for fixed effects and random effects, respec- 
and recombination loss = P D (1 − P D ) + P S (1 − P S ), [3] where P S and P D are the proportion of Holstein for the sire and dam, respectively. The model used for analysis of a single parity for LSCC, MAS, CaI, DFS, NR56, or NINS included risk group (LR, MR, and HR) fitted as a fixed effect. Further fixed effects were tested in SAS software (SAS Institute, 2006) and based upon those used in genetic analyses of the above traits (Pritchard et al., 2013) Y ijk = μ + riskGrp i + month j + β 1 X het + β 2 X rec + β 3 X age + β 4 (X age ) 2 + hys k + e ijk , [4] where Y ijk = is an observation for LSCC, MAS, or fertility; μ is the overall mean of trait Y; riskGrp i = fixed effect of the ith risk group (3 groups); month j = fixed effect of the jth month of calving (12 mo); β 1 to β 4 = linear and quadratic regression coefficients of dependent variable Y on heterosis (X het ), recombination (X rec ), age at calving (X age ); hys k = the random effect of herdby-year-by-season; and e ijk = residual random error term. The repeatability model that analyzed the first 
RESULTS
Prior to data editing, 76% of the initial 2,197 herds had at least 1 ELISA-positive test, and 67% of the herds had at least 2 positive tests during the testing period in years 2007 to 2012. However, in the 63% of herds with at least 50 tested animals it was found that 97 and 93% of these had at least 1 and 2 ELISA-positive tests, respectively. Overall, 10.2% of animals had at least 1 ELISA-positive test, and this increased to 11.0% if including only herds with at least 2 ELISA-positive tests as carried out in the data edits. For herds with at least 2 ELISA-positive tests, the number of positive tests by lactation number increased from 4.2% in lactation 1 to 7.1% in lactation 5.
Production
The accumulated 305-d yields for production traits were calculated from daily yield estimates from 4 to 305-d for the LR, MR, and HR group categories, as reported in Tables 4 and 5 . For lactations 1 to 3, the MR and HR groups were associated with reduced MY, PY, and FY, and as yield increased with lactation number the magnitude of the yield differences between LR with MR and HR groups also increased. Results from the MR group were intermediate between LR and HR, and further reporting of results will concentrate on differences between LR and HR. The mean cumulative losses of MY, PY, and FY from HR cows were −904.4, −27.1, and −34.0 kg, respectively, summed over the first 3 lactations. For MY, mean daily losses from HR cows compared with LR cows for lactations 1, 2, and 3 were −0.3, −1.1, and −1.6 kg, respectively, over the period from 4 to 305 d. In terms of percentage losses, these generally increased with DIM ( Figure 1 ) and mean MY losses were −1.4, −4.2, and −5.5% for lactations 1, 2, and 3 respectively. From 3 subsets, T1, T2, and T3, which comprised first-lactation data, the milk yield losses from 4 to 305 d were −4.8, −2.1, and −1.6%, respectively, when comparing HR cows to LR cows.
A reduction in MY is understandably accompanied with losses of PY and FY, as shown in Table 5 . A significant reduction in mean daily PY and FY for the MR and HR groups were observed compared with LR in lactations 1 to 3 together with significant differences observed between MR and HR in lactations 2 and 3. Losses tended to increase with DIM, and overall lactation losses from HR cows compared with LR cows for PY were 1.3, 3.7, and 4.9% and for FY were 1.4, 4.0, and 5.5% for lactations 1, 2, and 3, respectively. However, significant differences were only observed between LR and MR in lactation 3 for average daily PY% and in lactations 1 and 2 for FY%, with higher PY% and FY% observed in MR cows.
SCC
Lactation curves estimated from random regression (Figure 2) showed that TSCC tended to be higher in MR and HR cows, particularly in lactations 2 and 3, and overall differences between LR, MR, and HR cows were significant in all cases (Table 5) . Similarly, the linear model analysis of LSCC showed in all cases that Means within a row with shared superscript letters were significantly different from each other (P < 0.05). both the MR and HR groups had a significantly higher LSCC than LR cows, with the exception of MR in lactation 1 (Table 6 ).
Mastitis
Predicted incidence levels of MAS were greater in HR cows compared with the LR and MR groups, but not all differences between risk groups were significant. In lactation 2, MR and HR cows had significantly higher incidence than LR cows and HR cows had significantly higher incidence than MR cows. When MAS was analyzed as a repeated trait across lactations 1 to 3 predicted incidence levels were 19, 20, and 21% for the LR, MR, and HR groups, respectively, with significant differences between LR and HR. 
Fertility
We found no significant differences between predicted means of CaI, but some significant associations were found between paratuberculosis risk groups for NINS, NR56, or DFS, as shown in Table 6 . The DFS increased with increased level of risk, but the difference was only significant between LR (80.3 d) and HR (81.7 d) in lactation 1 and the repeatability model (containing all 3 lactations). It appeared that MR cows were more likely to return to service after 56 d than LR or HR cows, which was significant in lactation 1 and as a repeatability model. In lactation 3, NINS were significantly fewer in HR cows than LR cows and MR cows required significantly more inseminations than LR and HR cows.
DISCUSSION
This study estimated that 76% of the 2,197 tested herds had at least 1 cow with an ELISA-positive test, which support the findings of Woodbine et al. (2009) , who found that 75-78% of tested dairy herds had at least one ELISA-positive test through serum ELISA testing in southwest England. Similarly, 10.1% of cattle with at least 1 ELISA-positive test (Woodbine et al., 2009 ) is close to our findings of 10.2%. Although, at an animal level, the percentage of positive tests is relatively low and it is important to consider the limitations of the antibody ELISA with low sensitivity, particularly in the early stages of the disease; hence, not all infected animals are uncovered. Therefore, several studies have suggested that their herd prevalence estimates are likely to be underestimated (Woodbine et al., 2009; Beasley et al., 2011) . In another UK study, 2.5% of dairy cows (≥3 yr old) were ELISA-positive and 65% of herds had at least 1 ELISA-positive cow (Anon, 2009) . Earlier UK studies (Çetinkaya et al., 1996, 1998) reported lower prevalence estimates from both a survey of dairy farmers (17.4% of herds with at least 1 case of disease) and an abattoir-based study (3.5% of adult cattle with subclinical disease). The survey of farmers considered only clinical cases; therefore, the prevalence of MAP infections would be expected to be higher, as clinical disease affects a fraction of those animals infected at one time. The data set in the current study could be described as self-selecting, as it is unlikely that herds without a paratuberculosis issue would undertake quarterly whole-herd testing. Therefore, we cannot say that these results are representative for the United Kingdom at a national level, but they are anticipated to be very similar, with mean statistics for performance parameters close to those used in an earlier study using a subset extracted from the 2 main UK milk recording organizations (Pritchard et al., 2013) .
In countries with a significant dairy industry, estimates of herds affected with paratuberculosis were 10% in the early 1990s and 30 to 50% in early 2000s (Barkema et al., 2010) . It is difficult to compare prevalence estimates across studies in different countries due to differences in diagnostic tests, the age profile of tested animals, the frequency of testing, and the thresholds used to indicate disease (Nielsen, 2007; Nielsen and Toft, 2009; Kirkeby et al., 2015) . As with other studies (Kudahl et al., 2004; Woodbine et al., 2009 ), we found that the incidence of ELISA-positive tests increased with age. This can be explained by the long incubation period of paratuberculosis; thus, the production of detectable antibodies with advancement of the infection cycle is likely in older cows. Prevalence estimates between studies are likely to differ when they contain varying age structures.
Analysis of Risk Groups
Results from our study indicate that HR cows were associated with detrimental effects on production and health. Conservative estimates were expected, as some animals considered negative here might become positive after the period studied, particularly if at testing the animal was relatively young. Single milk ELISA tests are not as sensitive as other diagnostic tests for MAP, but ELISA is widely used for practical reasons, as it is minimally invasive, low-cost, and gives a rapid turnaround of results; our study benefitted by the volume of data available. The high specificity but low sensitivity of the diagnostic test means that a very small proportion of noninfected animals could be falsely classified as positives and a higher proportion of infected animals could be falsely classified as negatives; thus, the effects are likely to be underestimated. However, the quarterly testing of animals gives a better overall sensitivity.
Milk Yield
Our results suggest that subclinical paratuberculosis infection is associated with reduced MY, which is in agreement with previous reports. A decrease of 103 to 485 kg (equivalent to 1.4 to 5.5%) was estimated from 4 to 305 DIM, depending on lactation number, and these losses are consistent with other studies. However, reported estimates have been inconsistent because results are influenced by factors such as parity, lactation stage, stage of disease, prevalence of the herd, and the choice of diagnostic test used. Johnson et al. (2001) reported no association between test status and production, whereas results of studies reporting milk losses from infected cows are wide ranging, from 2 (Tiwari et al., 2007) to 18% (Spangler et al., 1992) .
Two other studies that used milk ELISA testing have comparable results, with losses from positive cows ranging from 3 to 7% compared with negative cows (Hendrick et al., 2005; Sorge et al., 2011) . Likewise, milk yield losses of 4% in serum ELISA-positive animals compared with serum ELISA-negative animals reported by Nordlund et al. (1996) are of similar magnitude to our study. The magnitude of the yield differences between LR with MR and HR increased with parity, which would be expected because the disease has a long incubation period and infection is likely to be more advanced in later lactations. In our study, milk losses were apparent in lactation 1 from MR or HR cows, yet not all studies have found an association in early parities (Tiwari et al., 2007; Aly et al., 2010) . Aly et al. (2010) found that the association between MAP and milk production was not significant in lactation 1 but increased as cows progressed to higher lactations, whereas Tiwari et al., (2007) found no association between MAP and lower milk yield until lactations 4 or greater.
Some studies have revealed that infected cows may not always show the expected production losses compared with noninfected herdmates, but in fact express higher yields earlier in life before testing positive Smith et al., 2009; Sorge et al., 2011) . For instance, Sorge et al. (2011) found that lowpositive cows during their second lactation exceeded 218 kg more than negative herdmates in their first lactation. Relatedly, Hoogendam et al. (2009) found that positive herds tended to have higher breeding values for milk yield. Those studies may indicate that cows capable of producing higher yields might be more prone to paratuberculosis infection, but their milk yield does not suffer greatly at early stages of the infection; this would explain the inconsistencies among studies. In addition, this might suggest that the management of high-yielding cows is leading to greater transmission risk, and therefore higher levels, of disease. Further analysis in our study revealed that animals allocated as high risk early in life (i.e., in lactation 1) were associated with greater losses than animals allocated as high risk at a later stage, which was similarly observed by Gonda et al. (2007) . It would be expected that animals infected with a higher dose of MAP would have more rapid disease progression and therefore test positive and suffer lower yields at an earlier stage. Stressors on the cow could possibly play a part on how quickly a cow tests positive and becomes clinically affected. Therefore, higher yielders (i.e., more stressed, in negative energy balance) might be more likely to become positive and affected in their lifetime. It has been suggested that cows staying in the herd with 3 or more lactations could be better at coping with infection (Kudahl et al., 2004) or possibly are under less stress and therefore do not suffer such great losses. In addition, it is likely that bias existed in our study, as the worst-affected animals would be culled before their third lactation and the test itself as part of a control program for paratuberculosis would lead to the culling of high-risk animals.
Protein and Fat Yields
In this study significant decreases in PY (9.03 kg/ lactation) and FY (11.32 kg/lactation) were associated with paratuberculosis infection, which were in line with the results of Gonda et al. (2007) , who reported significant decreases of 9.49 and 11.46 kg/lactation for PY and FY. However, the decreases in PY and FY are likely to be a feature of decreasing MY, as revealed when MY was included in the model for analysis for PY and no significant differences between risk groups were found. We observed that protein and fat percentages tended to be higher in MR and HR cows, but only MR cows in lactations 1 and 2 had significantly higher fat percentages and MR cows in lactation 1 had significantly higher protein percentages than LR cows. Associations for protein and fat composition were also found to be nonsignificant in the results of Nordlund et al. (1996) and Lombard et al. (2005) , both using serum ELISA. From fecal culture tests, Donat et al. (2014) reported no association for fat percentage; however, those authors reported overall a reduced protein percentage associated with positive fecal culture cows, although in low-prevalence herds the opposite was found.
Udder Health
The results indicated that SCC (TD or lactational measures) and mastitis incidence were higher in HR compared with LR cows. These results were anticipated, as it would be expected that cows infected with MAP have a weakened immune system and therefore are more susceptible to udder infections. To support these results, higher mastitis incidences (Diéguez et al., 2008 ) and higher culling due to mastitis (Arrazuria et al., 2014) were found in affected herds when compared with negative herds. Also, in animals followed to slaughter, Merkal et al. (1975) observed that culling due to mastitis was greater in animals with subclinical paratuberculosis (22.6%) compared with cows negative for paratuberculosis (3.6%). In line with our results, other studies (McNab et al., 1991; Baptista et al., 2008) have found positive significant associations between SCC and paratuberculosis infection, but some have reported no association (Hendrick et al., 2005; Gonda et al., 2007) 
Fertility
In general, fertility traits were not significantly associated with risk group or clear trends were not apparent across the traits. Trends for DFS indicated that HR cows had longer DFS, whereas significant differences for NR56 and NINS implied that MR cows were more likely to return to service and require more inseminations to achieve conception than LR and HR cows. A MAP infection reduces absorption efficiency, and thus infected animals are liable to negative energy balance and might be expected to have lower fertility, as observed with other diseases (Fourichon et al., 2000) . Likewise, Johnson-Ifearulundu et al. (2000) found that positive cows, on average, had a 28-d increase in days open compared with ELISA-negative cows; however, results are not always so clear cut. For example, Sibley et al. (2012) found that CaI was longer during the interval the animal was tested positive, yet the effect on fertility was not seen in previous lactations to testing positive. Consequently, this could explain the lack of association found in our study, as an animal could have been categorized as HR based upon positive tests in a later lactation than the lactation considered in the comparison. Unexpected trends between risk groups were observed in other fertility studies (Gonda et al., 2007; Marcé et al., 2009; Smith et al., 2010) , which sometimes suggested better fertility in infected cows. Often the farm policy, with HR cows in particular, would be to keep them until the end of their lactation but not to breed them again. It would be probable that a high proportion of test-positive cows might be withdrawn from service if they have already tested positive before their voluntary waiting period, which would bias the results reported here and in other studies.
CONCLUSIONS
The prevalence estimate of 76% of herds with at least 1 positive ELISA test leads us to conclude that MAP is important in terms of its extent, and measures should be applied to prevent further increase and also to protect those currently uninfected farms. Prevalence estimates are key to predict the effect of disease, and it is likely that earlier studies deemed there to be little economic incentive for farmers to put their efforts into controlling paratuberculosis in comparison with other cattle diseases because of its relatively low incidence (i.e., compared with mastitis). Our study provides information on how an entire lactation is affected at different levels of paratuberculosis risk for the first 3 lactations. A significant loss of milk production (904.4 kg) over the first 3 lactations in HR cows was found compared with LR cows. Likewise, SCC and MAS incidence were higher in HR cows. Economic costs can be applied due to milk losses, penalty payments, and udder health problems, which can then be used to justify the control of the disease to farmers. These results, however, are expected to be underestimated due to the analysis design; nevertheless, they should demonstrate the importance that greater attention is given to control the disease, which would be aided by widespread testing.
